Under the high load, high frequency and high strength operating environment, the frequent occurrence of vehicle fault gradually attracts the attention of the society. The real-time monitoring and data recording function of vehicle-mounted equipment provides data support for vehicle status assessment and fault warning. In this paper, the real-time data collected by CAN-BUS system of Beijing Bus Group are preprocessed and discretized. On the basis of the traditional rough set theory, a new coding method is set up, and the dependency between conditional attributes and decision attributes is set as an adaptive function, which is reduced by genetic algorithm and cellular genetic algorithm respectively. The calculation results show that the key fault information of public transport vehicles is instrumental speed, oil pressure, percentage of torque, timing engine speed, and coolant temperature. By comparing the results of reduction, it is found that the cellular genetic algorithm has higher applicability than the genetic algorithm in terms of algorithm efficiency, stability, and convergence quality. Although the genetic algorithm attribute reduction is slightly better than the cellular genetic algorithm attribute reduction in the rule matching, the cellular genetic algorithm has a better ability to excavate information within the acceptable compatibility range. Finally, the selected key factors will be deployed on the Beijing Bus Group's big data platform and displayed in real time. The conclusion of this paper enriches the theory of bus engine fault warning and establishes an engine failure warning system, which can effectively reduce the failure rate of bus vehicles and reduce the maintenance cost expenditure. It has certain guiding significance for the bus operation work of Beijing Bus Group.
real-time data acquisition of engines, vehicle electrical systems, and other devices(CanBus-controller LAN bus technology). These vehicle-mounted equipment play an indispensable role in ensuring the safe running of vehicles and improving operational efficiency. How to use the collected real-time vehicle data to accurately evaluate the safe operation of public transport vehicles and analyze the characteristics of the vehicle failure state, so as to make a reasonable and effective prediction of vehicle failure, reduce the number of vehicle failures, improve the safety of operation, and ensure the normal driving of vehicles is of great significance.
The United States began the study of fault diagnosis technology at first. At the end of the 19th century, fault diagnosis began as a discipline, but at that time the complexity of the equipment was low. Therefore, diagnosis was mostly carried out by experts or technicians through experience and simple detection instruments. With the development of control theory and computer technology, control technology has been continuously improved. At the same time, due to the increasingly high requirements for improving the reliability and performance of the system, many linear models such as: Kalman filter [1] , parameter estimation method [2] and feature structure allocation technology [3] are applied to the field of automotive engine fault diagnosis expert system. Because the linear model can not reasonably and accurately simulate the fault impact, Passino et al. developed a fault diagnosis system based on a nonlinear multi-model fault diagnosis isolation method, and studied the robustness and fault sensitivity of the method. Finally, the validity of this method is verified by simulation example. These methods can detect fault occurrence and determine the type of failure, but expert knowledge diagnosis methods are usually suitable for relatively simple fault modes and lack generality in complex cases.With the extensive research of information technology and sensor technology, the extensive use of computers, and the development of artificial intelligence technology in the 21st century, fault diagnosis technology has also been rapidly developed, which has greatly improved diagnostic efficiency and reliability. There are many research results in system fault diagnosis, such as: Fenton et al. [4] took the advantage of the grey theory to predict the failure, and regarded the independent variable as a certain range of gray variables. After the accuracy of the model is corrected, it can be used for retrograde prediction and is suitable for short-term prediction. Hassan and Holt [5] used the principal component analysis method to predict the failure, and only a few major components were used to study the retrograde problem. However, this method is very sensitive to extreme values and other outliers, and it is easy to cause great deviations. Kjolle and Oddbjørn [6] proposed the prediction technique based on time series analysis method. This method has less workload, but requires that the various factors used in the prediction process do not mutate, and it is more suitable for short-term prediction. At the same time, the above fault diagnosis has shown great potential for rapid fault diagnosis, improving the quality of car repair and reducing maintenance costs. In the area of vehicle fault diagnosis, Marko et al. [7] introduced artificial neural network into the fault diagnosis of the vehicle control system and the engine, and achieved the rapid fault classification using the powerful learning ability and efficient fault tolerance performance of the neural network. Subsequently, Sharky et al. [8] summed up the fault mechanism of diesel engine further, and proposed a diagnostic strategy of multi-factor neural network input, which has more powerful diagnostic function than single-factor expert diagnosis.
At present, the data measured by the bus group Can-Bus are incomplete and uncertain, and most of the measurement data contain noise, which brings great difficulties to fault diagnosis. The fault diagnosis model above needs accurate data as support and is not suitable for this research. And rough set theory [9] does not require any transcendental knowledge and preparatory knowledge other than data to effectively analyze and process various uncertain and incomplete data, and to discover hidden knowledge from it, and to reveal the potential laws of the ability to apply to the current data base of the bus group. Scholars have also obtained some research results in fault diagnosis and rule knowledge acquisition using rough set theory. According to the vibration characteristic spectrum of steam turbine generator and the fault attribute decision table of discrete generator, Jian et al. [10] extracted the key characteristics affecting classification using rough set, which reduces the input dimension of BP network and saves training time. Tay and Shen [11] identified valve failure of multicylinder diesel engine using rough set theory. Through the analysis of the final reduction resulting from rough set theory, it is shown that this method is effective for valve fault diagnosis and is a new powerful tool that can be applied to emergency management. Pattanaik and Subramaniam [12] proposed a fault detection technique for embedded systems based on rough set. The result obtained by boolean inference and attribute reduction removes redundant attributes, improves detection ability, and helps to locate faults. Pacheco et al. [13] studied the fault diagnosis problem of gear and bearing fault severity classification by using rough set algorithm, but no reasonable calculation method is given for rough membership between fuzzy rough sets. At the same time, the algorithm is not based on real category data but applied data type. Balachandra [14] proposed a method of fault detection and repair in fault-tolerant system. This method needs mathematical modeling and the rough set algorithm of fuzzy logic control to detect the fault location and fault type in the state of the car system.
Through the analysis of the above documents, it is found that the researchers have carried out a lot of fruitful exploration on system fault diagnosis and automobile engine failure, and achieved fruitful results, which provided an important theoretical basis for the study of vehicle fault diagnosis. However, there are the following limitations: (1) The search for key car fault information parameters using rough sets is still in its early stages, and there are not many relevant documents. (2) Most researchers have a certain subjective component in the discretization of continuous data when analyzing key fault information parameters using rough sets.
(3) For the research of key information analysis of vehicle faults, few authors use genetic algorithms to improve rough sets, and no F function suitable for this problem is designed for attribute reduction based on specific problems.
In view of the fact that the treatment of continuous data in the above-mentioned documents has a certain subjective component, this article is based on the current situation and problems of public transportation information management, and takes the vehicles of the Beijing Bus Group as an example, taking into account the vehicle conditions, management conditions, and external traffic characteristics. Using the huge data of CAN-BUS data, warranty data, and data sets of emergency repair data and traffic scheduling data, constructed the key information parameter model of bus failure. In the process of fault diagnosis, the attribute discretization algorithm based on boolean logic algorithm is used to discretize the data, which eliminates subjectivity. Secondly, this essay design genetic algorithm [15] to reduce new F value and extract the important attributes of bus failure. Finally, the method is verified by the example of bus vehicles of Beijing Bus Group. This research serves Beijing Bus Group vehicle warranty maintenance, to reduce the public transport vehicle fault and accident, reduce the vehicle maintenance cost, improve the vehicle maintenance and enterprise management level.
The structure of this paper is as follows: Part 2 introduces the relevant principles of the rough set theory used in this paper and some common theories of data discretization. Part 3, modeling the critical fault information of public transport vehicles and optimizing the model using cellular genetic algorithm. Part 4, pretreat the data firstly, and then apply the model to the example of Beijing Bus Group. Finally, the genetic algorithm and the cellular genetic algorithm are compared from four aspects: the efficiency of the algorithm, the stability of the algorithm, the quality of convergence, the reduction rule and the compatibility of the test sample. Part 5, select key factors deployed to the Beijing Bus Group's big data platform, and real-time display. Part 6. Summary and outlook. Summarize the contents of this paper and give the direction of the next research and efforts.
II. BUS CRITICAL FAULT INFORMATION MODEL CONSTRUCTION A. BUS CRITICAL FAULT INFORMATION MODEL
The key point of rough set theory is to associate classification with knowledge, and use equivalence relation to formally express knowledge classification. Knowledge is regarded as the classification ability of the research object [16] , and the decision or classification rule of the problem can be derived through knowledge reduction.
1) BUS CRITICAL FAILURE INFORMATION ANALYSIS DECISION TABLE
In this paper, a rough set is used to establish a critical fault information model for bus vehicles. Each attribute data collected by bus vehicles in real time is classified as a condition attribute. Failure can be regarded as a classification label (namely, decision attribute D).Before the model construction, it is necessary to summarize the conditional attributes and the values of the decision attributes of the bus into a unified information table to form a decision table, as shown in Table 1 .
The knowledge system of the bus can be represented by A quaternion [17] , [18] : S={U,A,F,D},F is the attribute value of the object. Among them, U = {x 1 , x 2 , . . . ,x n } represents the bus collection; A = (a 1 , a 2 , . . . ,a m ) represents the possible related consequences (phenomena) caused by each attribute value of the bus; D represents the decision attribute of whether the vehicle fails, p represents the correlation strength between the decision and the conditional attribute, and p can be determined by the grey correlation degree.
In the bus critical fault information knowledge system constructed in this paper, the design variable ''rough membership degree'' represents the degree of association between the decision attribute and the bus collection.
Definition 1: rough membership. Knowledge system S = {U, A, F, D} , R ⊆ A, U = x 1 , x 2,..., x n . The rough membership degree of individuals in the domain for decision attributes can be expressed as follows:
''Rough membership degree'' is used to express the correlation degree between the decision attribute and the object in the domain, that is, in the bus set composed of different buses, the importance of the decision attribute to the bus set.
2) CONTINUOUS ATTRIBUTE DISCRETIZATION IN CRITICAL FAULT INFORMATION OF PUBLIC TRANSPORT VEHICLES
After collecting the data in the key fault information decision table of public transport vehicles, according to the rough set theory, the data of the above attributes need to be discretized. In this paper, attribute discretization algorithm based on boolean logic achieves the purpose of discretization index data, adopts a method to discretize the attribute values of each column, and treats the class number where each column attribute value is located as the eigenvalue after discretization. This eigenvalue is coded using discrete natural numbers. Algorithm description:
Step1 Describes the attribute values of all public transport vehicles with a collection;
Step2 Uses symbols to represent the interval between all continuous properties;
Step3 Uses symbolic disjunction to represent each two different records;
Step4 All the dispositions mentioned above are represented by the conjunctive paradigm;
Step5 Converts the conjunctive paradigm into a disjunctive paradigm;
Step6 In the disjunction paradigm, arbitrary conjunctive forms are taken as discretized data.
In the disjunction paradigm, the combination paradigm is used as a discretized data. In general, the more breakpoints we choose, the more objects we identify. The minimum breakpoint set is a NP-hard problem. Therefore, we use less data sets in the breakpoint collection for discretization, and finally obtain a discrete bus critical fault information decision table for the next step of attribute reduction.
3) ATTRIBUTE REDUCTION AND EXTRACTION OF DECISION RULES
In the attribute reduction process, one uses the rough set attribute reduction algorithm to remove redundant attributes and obtain the attribute set of the bus vehicle key fault information in the set bus critical fault information decision table.
Genetic Algorithm(GA) was proposed in 1975 by Holland [15] . It is a search heuristic algorithm used to solve optimization in the field of artificial intelligence, which has been successfully applied to various optimization issues [19] [20] [21] . This paper adopt the attribute reduction algorithm based on genetic algorithm. The essence of attribute reduction is to observe the change of the decision table after deleting a column of data from the decision table, so as to measure the importance of the data relative to a column of decision attributes. After the decision table removes some conditional attributes, the greater the degree of change in the classification function of conditional attributes, the more important these conditional attributes are. a: CODING SCHEME Use the binary string (1, 0, 1, 0, 1, . . .) encode for each conditional attribute A = a 1 , a 2,..., a m of the bus critical fault information decision table, which constitutes different individuals. If the individual contains the i conditional attribute, then a i = 1, otherwise a i = 0, A 1 = (1, 0, 1, 0, 1, . . .) represents that the chromosome A 1 contains factors a 1 , a 3 , a 5 , etc.
b: ADAPTABILITY FUNCTION
The fitness function is represented by the dependency in (2) (3) (4) (5) (6) (7) . The greater the dependency between the conditional attribute and the decision attribute, the more important the conditional attribute is, that is, the greater the adaptability of the individual.
c: DETAILED STEPS OF THE REDUCTION ALGORITHM
Step1: Set the binary data whose length is l as the initial population, and l is the number of conditional attributes. The conditional attribute set corresponding to the binary series is recorded, and the dependency between the attributes is calculated as the adaptability of the initial population.
Step2: Use ''roulette'' to select objects in the population, leaving attributes that are more adaptable.
Step3: According to the cross probability P c , select the intersection point, and the individuals selected by the pairwise operation (the attributes of different vehicles are exchanged) are then generated to produce new individuals.
Step4: According to the variant probability P m , a mutation occurs in an individual's gene position,which is conditional attribute in this paper. For example, the value of a conditional attribute is changed from 0 to 1.
When the number of steps of the iteration is maximum or the fitness function reaches a maximum and converges, the algorithm ends. After removing the redundant conditional attributes, a simplified information table can be obtained, so that the rules of occurrence of the failure can be extracted.
The minimal summary table is a collection of many logical rules that merge and reduce the data in the table to make it a decision rule. For decision rules, we can use some numerical measures to evaluate them. Rule support is one of the basic measures, that is, the number of objects that meet a rule. Depending on the degree of support, some other metrics can be defined. We often expect a decision rule to have a higher degree of support, that is, a wider range of use, but the degree of support is related to the distribution of rule decision values.
The definitions of rule coverage are as follows: Definition 2: Measuring the applicability of the rule is represented by the coverage of the decision rule φ ⇒ d = v:
Definition 3: Measuring the correct degree of the rule is represented by the accuracy of the decision rule φ ⇒ d = v:
If a rule has not only high accuracy, but also high coverage, then the rule is an excellent rule. However, it is easy to see that with the continuous growth of the rules, the accuracy of the rules is increasing, but the coverage of the rules is decreasing, so it is generally necessary to weigh the two according to actual applications.
B. OPTIMIZATION OF CRITICAL FAULT INFORMATION MODEL FOR BUS VEHICLES
To solve the problem that the genetic algorithm is unstable and easy to fall into local optimization, the optimization of genetic algorithm is improved. An attribute reduction algorithm based on cellular genetic algorithm [22] [23] [24] is proposed. From the point of view of design, the mutual learning mechanism between neighbors can effectively protect excellent individuals and prevent the algorithm from falling into local extreme values. It is a new and efficient evolutionary algorithm for organic binding genetic algorithm and cellular automaton [25] (Cellular Automata, CA). The study shows that the cellular genetic algorithm is superior to the general evolutionary algorithm when dealing with complex problems [26] , [27] , and has been widely used in various dynamic optimization issues [22] [23] [24] .
Cellular genetic algorithm can prevent premature convergence of the algorithm, and are more suitable for solving dynamic complex optimization problems. Optimizing the model with cellular genetic algorithm can make the selected key fault information conform to the actual business of Beijing Bus Group better. The algorithm is to abstract each individual into one cellular in the genetic algorithm and to interact with the neighbors using the principle of cellular automata. Based on the idea of population evolution in cellular genetic algorithm, a reduction algorithm for bus key fault information can provide some reference for the analysis of key fault information parameters in the future.
1) COMBINATION OF CELLULAR AUTOMATA THEORY AND CAN-BUS DATA
The key fault information screening of public transport vehicles based on rough sets, makes each attribute corresponding to the gene position in the individual cellular. And the interaction learning between each cellular and the cross variation of gene position is an evolving process. The evolution simulation is realized by the cellular automata, which makes it more reasonable and can quickly obtain the individuals with the best adaptability.
Cellular, cellular space, neighbor, and evolutionary rules are the basic components of cellular automata, as shown in Figure 1 . The cellular automation can be seen as consisting of a cellular space and a transformation function defined in that space. (1) Cellular. A two-dimensional array whose length is the number of bus attributes generated by random value [0,1] is an individual cellular. If it is 0, it means that the attribute is not selected; if it is 1, it means that the attribute is selected.
(2) Cellular space. In this paper, cellular space is designed as an n×n grid, and each grid represents one individual. The operation inside the cellular space improves the intelligence level of the individual cellular.
(3) Neighborhood form. Moore neighbors were selected, and each cellular had 8 neighbors, as shown in Figure 2 below. The gray square represents a central cellular individual, and the surrounding white represents a neighboring cellular individual. (4) Cellular state. Each cellular uses 0 and 1 of the randomly generated length as the number of bus attributes as the initial state, and ''0'' means that the attribute has not been selected, ''1'' indicates that the property is selected. The cellular state of this paper is
(5) Evolution rules. The idea of cellular genetic algorithm is introduced to make each individual in cellular space learn from the individual in the neighborhood who has the expected higher fitness, and then adjust itself to get a higher fitness function. After each adjustment, it need to learn from its neighbors.
2) ATTRIBUTE REDUCTION PROCESS BASED ON CELLULAR GENETIC ALGORITHM
Combined with cellular automata [28] and genetic algorithm, cellular model simulates the process of natural evolution from the perspective of individuals. The core idea of cellular genetic algorithm is to complete selection and crossover operation in the neighborhood, and then leave outstanding individuals in the offspring and father generation. The individuals that make up the group are distributed in a two-dimensional quadrilateral grid that represents the search space. Figure 3 below shows the principle of cellular genetic algorithm.
For the analysis of critical fault information of bus in this paper, the evolution rules based on cellular genetic algorithm are as follows:
Step1: Initialize the population and use [0,1] random numbers to generate multiple cells whose length is the number of conditional attributes of the bus to form the initial population. Step2: Calculate the fitness evaluation function. In this paper, the dependence of conditional attributes and decision attributes in the above bus decision table is set as the evaluation function.
Step3: Select. Each individual (coordinate a,b) judges the cellular whose fitness is greater than its own fitness in its neighbors (including itself, a total of 9 individuals).
fit x,y is the probability of cellular a,b's neighbors (including itself) cellular (x,y) being selected. This selection process can be processed in the way of ''roulette'', from which it can be seen that the larger eval x,y is, the higher the probability of being selected, and cellular (x,y) become the learning object of cellular a and b.
Step4: Cross. P c is defined as crossover probability. After cellular (a,b) learning P x,y,h of neighbor cellular (x,y), P a,b,h is combined with its own value for equipotential crossover operation to obtain new individual value combination. The method is as follows:
Step5: Variation. The mutation probability is defined as P m . Random number r is generated from [0,1]. If r <P m , the new individual is updated as follows:
ε ∼ N (0, 1). The constant of δ ε is a constant. With the help of the above evolution process of cellular genetic algorithm, cellular (a,b) completes evolutionary learning and forms a new combination of reduction results and conditional attributes. This process deduces the attribute reduction process of rough set from the perspective of complex adaptive system.
Step6: Determine the convergence rule. If the evolution algebra has reached the set maximum value or the optimal solution, it will stop.
III. APPLICATION EXAMPLE OF BUS CRITICAL FAULT INFORMATION PARAMETERS
In this paper, CAN-BUS data set, warranty data set, traffic scheduling data set and vehicle basic data set of Beijing public transport corporation are selected for research. According to the data in Beijing BUS database, Figure 4 . shows the composition of buses with different energy types in Beijing. LNG (Liquefied Natural Gas) is a kind of green energy that can be used as a fuel in cars and is increasingly popular. Many countries prefer LNG as their fuel. Beijing Bus Group's LNG models account for 66 % of the total number of public transport vehicles. Among all bus models, their data are the most, and their engine failures accumulate the most data among the top ten bus failures. Therefore, based on the engine fault data of the LNG bus, the rough set model of key fault information for public transport vehicles is helpful to improve the accuracy and science of the analysis results.
66% of Beijing's total public transport vehicles are LNG buses, so public transport vehicles with energy type LNG were selected as the subject of study. Among them, the frequency of data collection in the Can system is about once per minute. For example, the data acquisition time of a bus with vehicle number 20631 is shown in Table 2 below,there into, the first eight digits indicate the date, and the last six digits represent the time. The data acquisition frequency in the warranty system is recorded once when a fault is reported.
2) TIME OF FAULT JUDGMENT
This article uses all the data from July 11 to August 1 for a total of 22 days. Since the purpose of this article is to analyze the key fault information of public transport vehicles, rough sets only involve the data itself and do not involve business logic. Therefore, it is only necessary to clearly express the purpose of this article with rough set models. The calculation process of intermediate rough set does not require manual intervention, nor does it involve business logic, and scientific results can be obtained. However, in this process, combining the characteristics of rough sets, the key fault information data of the bus was analyzed according to the existing data, and the form suitable for the rough set model is critical.
Therefore, we need to obtain the fault vehicle and the fault point according to the data. The process of determining the time of the fault point can be summarized as follows : Step3: Combined with the map to verify the correctness of the fault point time, the fault point accurate to minutes and seconds. Its logical flow chart is shown in Figure 5 .
b: FUNCTION EXPLAINATION
Step1: Analyze the collection time rule in Can data, and make a rough judgment of the fault point using functions provided by Oracle.
Step2: Find out the repair time of the vehicle on the same day from the corresponding table in the database, and match the time selected in step (1), so as to preliminarily determine the correct fault point.
Step3: Draw the graph of data fields of the day, check the collection situation and fluctuation trend of each index value, and determine the accuracy of the fault point.
B. CONSTRUCTION OF DECISION TABLES AND DISCRETIZATION OF CONTINUOUS DATA 1) CONSTRUCTION OF DECISION TABLES
This paper studys rough sets, so after combining the purpose of this article with rough sets, it is necessary to turn the data into a data form that can be represented by a rough set model. Rough sets must have decision attributes and conditional attributes. According to the interaction between the two, the key fault information of public transport vehicles is selected. After the research, this paper first determines that the value of the decision attribute should be two types, one of which is to mark the state of the vehicle when the vehicle fails and the other is to mark the state when the vehicle does not fail. Therefore, according to the fault point, the record of the selected vehicle fault and the non-fault record are extracted from the database respectively. Select the bus when and after the failure as the research object. The number of test samples selected is 166 and the number of test samples is 40. Take the parameters of the bus(instrument speed, acceleration pedal path value, oil pressure, braking pressure 1, braking pressure 2, torque percentage, instantaneous engine speed, oil temperature, coolant temperature, battery voltage) as condition attributes. Whether or not a bus failure occurs as a decision attribute, which is set to 1 when not fails and is set to 0 when fails. Set up the following decision table 4-1 and calculate the grey correlation Table 3 of the decision attributes and conditional attributes in the decision table.
The data transformation can make the data's format conform to data analysis. The standardized method performs a linear operation on the data. Assuming that maxA represents the maximum value of A and minA represents the minimum value of A. It can be calculated by the following formula: Table 4 below. After standardizing the original decision table data, the grey correlation degree of the conditional attributes and decision attributes is calculated, as shown in Table 5 below, to prepare for the reduction of the next attribute.
2) DISCRETIZATION OF CONTINUOUS ATTRIBUTES
In the process of acquiring knowledge, it is very important to consider the indistinguishable relationship between attributes. It is very unreasonable to ignore the intrinsic connection of the data itself. After studying the initial decision table, it is found that the data discretization algorithm based on boolean logic is effective. At the same time, the results also show that the data discretization algorithm based on boolean logic can obtain a better decision table.
Rosetta software is used to process data discretization when using boolean logic-based data discretization algorithms. Rosetta software is a common tool for data discretization and has various functions of data preprocessing (data completion, discretization and simplification).
TABLE 5. Grey correlation degree between decision attributes and conditional attributes.
Rosetta is very powerful and easy to browse the data. Each object of the operation is treated as a separate project. Each project contains a menu of various functions. The core of Rosetta software data processing is implemented using the command line. The DBMS can be integrated with ODBC to realize the discretization of data. Got Table 6 . In this section, a bus discretization algorithm combining boolean logic and rough set is presented. Using this method, the discretization can be done without affecting the indistinguishable relationship of data, and the optimal discrete results are obtained.
C. ATTRIBUTE REDUCTION RESULTS

1) ATTRIBUTE REDUCTION RESULTS BASED ON GENETIC ALGORITHM
After establishing a decision table and discretizing the continuous values of the decision table, attribute reduction is required. there are multiple attribute reduction methods, this chapter firstly choose the commonly used attribute reduction method based on genetic algorithm for the process to get bus key fault information decision table to screen key attributes, finally get the bus key fault information, the decision table is discretized by Rosetta software. The grey relational degree table of decision attributes and conditional attributes and the discretized bus fault decision table are put into the attribute reduction method based on genetic algorithm for attribute reduction, and the calculated results are in Figure 6 below. After the first screening of the genetic algorithm, the optimization result of the property is 1111011110, that is, the important condition properties are screened as follows: meter speed c 1 , accelerator pedal stroke c 2 , oil pressure c 3 , brake pressure 1c 4 torque percentage c 6 instantaneous engine speed c 7 , oil temperature c 8 , coolant temperature c 9 . Remove attributes c 5 , c 10 , the remaining properties c 1 , c 2 ,c 3 , c 4 , c 6 , c 7 , c 8 , c 9 continue to optimize.The result of optimization to the fourth time is 1010001010. In other words, the remaining attributes c 1 , c 3 ,c 7 , c 9 are optimized, and the calculation results remained stable without any attributes being deleted. These four conditional attributes (meter speed, oil pressure, instantaneous engine speed and coolant temperature) are the key attributes when the bus fails. In the maintenance of the bus, focusing on monitoring the changes of these four attributes, will help improve the efficiency of the bus maintenance work and reduce the maintenance cost. Make the maintenance work more scientific. This process can be expressed more clearly in Table 7 below:
The reduced decision table was sorted out, the same rules were merged, and redundant rules were removed. The typical rules were selected according to the following evaluation indexes: Accuracy ≥0.99,Coverage ≥0.072,Support ≥6, and the discriminating rule set was shown in Table 8 . Each line in the table represents a fault judgment rule. The first line in the following table indicates the rule: {when the bus has no fault, the meter speed is not 0, the oil pressure is less than 358, the instantaneous engine speed is between 626.44 and 891.50, and the coolant temperature is less than -151}. The rule has an accuracy of 1.0, coverage of 0.145, and support of 12, meaning that the correct probability of judging with this rule is 100%, and the support number of this rule accounts for 0.145 in the bus decision class, that is, 12 samples in the decision table support this rule.
Through the above calculation results, it is not difficult to find that the key fault information of the bus obtained in the example in this chapter is the instrument speed, VOLUME 8, 2020 oil pressure, instantaneous engine speed and coolant temperature. Based on the status data of bus, effective information can be mined, which can provide effective decision support for bus maintenance.
2) ATTRIBUTE REDUCTION RESULTS BASED ON CELLULAR GENETIC ALGORITHM
In order to compare the optimized model with the preoptimized model, this chapter need to be established on the basis of the above key bus fault information decision table, calculate the grey relational degree of condition attributes and decision attribute, then put the decision table discretization by Rosetta software into the optimized model of attribute reduction based on cellular genetic algorithm for a new reduction. It is the basis for the comparison between the two attribute reduction methods. The grey relational degree of decision attributes and conditional attributes and the discretized bus fault decision table are brought into the attribute reduction algorithm based on cellular genetic algorithm for attribute reduction, and the results shown in Figure 7 are calculated. After the first screening of cellular genetic algorithm, the individual optimization result is 1110011011, that is, the important condition properties are screened as follows: meter speed c 1 , accelerator pedal stroke c 2 , oil pressure c 3 , torque percentage c 6 , instantaneous engine speed c 7 , coolant temperature c 9 , battery voltage c 10 . Remove the attributes c 4 ,c 5 , c 8 , and the remaining attributes c 1 , c 2 ,c 3 , c 6 , c 7 , c 9 , c 10 . The result of optimization to the third time is 1010011010. That is, the remaining attributes c 1 , c 3 ,c 6 , c 7 , c 9 , continue to optimize, the calculation results have remained stable, no attributes have been deleted, these five conditional attributes (meter speed, oil pressure, torque percentage, instantaneous engine speed, coolant temperature) are the key attributes when the bus fails. In the maintenance of the bus, focusing on monitoring the changes of these four attributes, is conducive to improve the efficiency of the bus maintenance work and reduce the maintenance cost. At the same time, these four attributes have a higher weight than many other attributes, so that the maintenance work more scientific.
This process can be expressed more clearly in Table 9 below.
The reduced decision table was sorted out, the same rules were merged and redundant rules were removed. The typical rules were selected according to the following evaluation indexes: Accuracy≥0.99,Coverage≥0.072 and Support ≥6. The discriminating rule set obtained was shown in Table 10 . Each line in the table represents a fault judgment rule. The first line in the following table indicates the rule: {when the bus fails, the meter speed is 0, the oil pressure is less than 358, the torque percentage is less than 204, the instantaneous engine speed is between 626.44 and 891.50, and the coolant temperature is less than -151}.The rule has an accuracy of 1.0, coverage of 0.133, and support of 11.It means that the correct probability of judging with this rule is 100%, the support number of this rule accounts for 0.133 in the bus decision class, and 11 samples in the decision table support this rule.
Through the above calculation results, it is not difficult to find that the key fault information of the bus obtained in the example in this chapter is the instrument speed, oil pressure, torque percentage, instantaneous engine speed and coolant temperature. Therefore, effective information mining based on bus status data can provide effective decision support for bus maintenance.
D. TEST AND COMPARISON OF ATTRIBUTE REDUCTION BETWEEN GENETIC ALGORITHM AND CELLULAR GENETIC ALGORITHM
Comparing the attribute reduction of genetic algorithm and cellular genetic algorithm, this chapter mainly considers algorithm efficiency, algorithm stability, convergence quality, reduction rules and matching degree of test samples. The efficiency of the two algorithms is measured by the number of iterations and calculation time required by the algorithm, and the stability of the algorithm is measured by the proportion of consistent results produced by ten independent reductions. The quality of convergence is measured by the mean of fitness variances. The matching degree between the reduction rule and the test sample is measured by applying the rules generated from the experimental sample data to the test sample and observing the percentage of successful matching.
1) THE EFFICIENCY AND STABILITY OF THE TWO ALGORITHMS ARE COMPARED
In order to compare the efficiency, stability and convergence quality of the attribute reduction algorithms of the genetic algorithm and the cellular genetic algorithm, this paper uses the genetic algorithm and the cellular algorithm to reduce the data of the decision table for ten times, and the results are shown in Table 11 and Table 12 :
The grey in the table is the result adopted in this paper. We can see that the reduction result of attribute reduction based on genetic algorithm is c 1 , c 3 , c 7 , c 9 , with 7 times of reduction, and the reduction result of attribute reduction based on cellular genetic algorithm is c 1 , c 3 , c 6 , c 7 , c 9 with 9 times of reduction.
The number of iterations and calculation time required for convergence can reflect the calculation efficiency, the proportion of consistent results produced by ten independent reductions can reflect the stability of the algorithm, and the variance of fitness evolution can reflect the convergence quality. The efficiency, stability and convergence quality of the two algorithms are shown in Table 13 .
First of all, as an important feature of the effectiveness of rough set reduction results, convergence effect is an important index to evaluate the efficiency of the algorithm. As can be seen from Table 13 , better convergence effect can be obtained by setting iteration times 50 for attribute reduction of genetic algorithm, while better convergence effect can be obtained by setting iteration times 10 for attribute reduction of cellular genetic algorithm. In addition, the average computing time of attribute reduction of genetic algorithm is significantly longer than that of cellular genetic algorithm, so the computational efficiency of attribute reduction based on cellular genetic algorithm is better than that based on genetic algorithm.
Secondly, the stability of the algorithm is very important for solving a problem. It can be seen from the reduction of the above two algorithms that the number of times that the attribute reduction result of genetic algorithm is c 1 , c 3 , c 6 c 7 , c 9 is 7, and the number of times that the attribute reduction result of genetic algorithm is c 1 , c 3 , c 6 , c 7 , c 9 is 9. In terms of the proportion of consistent results, the attribute reduction of cellular genetic algorithm is higher than that of genetic algorithm. Therefore, in terms of stability, the attribute reduction of cellular genetic algorithm is better than that of genetic algorithm.
Finally, the reduction result of genetic algorithm attribute reduction is c 1 , c 3 , c 7 , c 9 . Statistically analyzed the fitness evolution process of c 1 , c 3 , c 7 , c 9 , the final result of ten times of reduction process. The reduction result of attribute reduction of cellular genetic algorithm is c 1 , c 3 , c 6 , c 7 , c 9 . Statistically analyzed the fitness evolution process of c 1 , c 3 , c 6 , c 7 , c 9 , the final result of ten times of reduction process. In order to eliminate the influence of the initial value, the variance of numerical calculation in the second half was taken (fitness of the last 25 iterations for genetic algorithm and fitness of the last 5 iterations for cellular algorithm). In the end, it is obvious that the variance of fitness of genetic algorithm is larger than that of cellular algorithm, which indicates that the convergence quality of cellular algorithm is better.
2) TEST AND COMPARE THE MATCHING DEGREE OF RULES
The test and comparison of rule matching degree is one of the methods to test the two algorithms. It is a confirmatory activity for the assessment, supervision and VOLUME 8, 2020 confirmation of the algorithm model. It can further judge and identify the differences between the two algorithm models, so as to verify the accuracy and reliability of the algorithm and the reliability of the data generated by the algorithm. The inspection and comparison process are as follows: The results of the attribute reduction model based on genetic algorithm are as follows: the instrument speed, oil pressure, instantaneous engine speed and coolant temperature. The results obtained by using the attribute reduction model of cellular genetic algorithm are as follows: instrument speed, oil pressure, torque percentage, instantaneous engine speed and coolant temperature. At the same time, rules generated by each algorithm were obtained through Rosetta. The number of rules obtained by attribute reduction of genetic algorithm was 30, and the number of rules obtained by attribute reduction of cellular genetic algorithm was 41, as shown in Table 14 and Table 15 below.
The rules generated above were used to discriminate 40 test samples, and the discriminant results obtained by genetic algorithm attribute reduction and cellular genetic algorithm attribute reduction were shown in Table 16 and Table 17 , where the data with grey shadow represented the samples that failed to match any rule successfully. When the above discriminant rules are used to discriminate 40 test samples, the genetic algorithm attribute reduction shows that 35 test samples successfully match the conditional attributes of the rules, and 5 test samples do not match any rules. The unsuccessful match rate was 12.5%. In the attribute reduction of cellular genetic algorithm, 34 test samples successfully matched the conditional attributes of rules, and 6 test samples did not match any rules. The unsuccessful match rate was 15%. According to the obtained results and the generated discriminant rules, the discriminant results and comparison between the two models on the test samples are shown in Table 18 .
As can be seen from Table 18 , for test samples, the number of test samples for successful reduction of genetic algorithm attributes is 35, and the unsuccessful matching ratio is 12.5%.
In comparison, the number of successful matching samples for attribute reduction of cellular genetic algorithm is 34, and the unsuccessful matching ratio is 15%. The unsuccessful matching ratio of genetic algorithm attribute reduction is lower than that of cellular genetic algorithm attribute reduction. It can be concluded that the rule matching degree of attribute reduction of genetic algorithm is higher than that of cellular genetic algorithm. This is because there are four key attributes obtained by genetic algorithm attribute reduction selection, including meter speed, oil pressure, instantaneous engine speed and coolant temperature. However, the attributes of cellular genetic algorithm can be reduced to five rules, including meter speed, oil pressure, torque percentage, instantaneous engine speed and coolant temperature. The number of attributes is inversely proportional to the matching degree of rules. Therefore, although the matching degree of rules obtained by attribute reduction of cellular genetic algorithm looks relatively low, it is actually caused by more attributes obtained by its reduction. Matching rate is not the only criterion to measure the algorithm. The attributes obtained by attribute reduction of cellular genetic algorithm are more than those obtained by attribute reduction of genetic algorithm, which also indicates that the information mining ability of cellular genetic algorithm is stronger. In practical application, we should consider not only the matching degree of rules, but also the ability of the algorithm to mine information. The matching degree of cellular genetic algorithm is 85%, which is within the acceptable range in attribute reduction. Therefore, considering that the attribute reduction of cellular genetic algorithm is better than that of genetic algorithm in terms of algorithm efficiency, stability and convergence quality, and its matching degree is also within the reasonable acceptance range, the attribute reduction of cellular genetic algorithm is better than that of genetic algorithm.
Through the above genetic algorithm attribute reduction and cellular genetic algorithm attribute calculation process, it can be found that the number of iterations required for attribute reduction convergence is less, the stability is high, and the quality of convergence results is high, but in terms of the rule matching degree, the attribute of genetic algorithm is higher than the attribute of the cellular genetic algorithm, so the properties of the cellular genetic algorithm are more applicable in terms of algorithm efficiency, stability and convergence quality. The genetic algorithm attribute is slightly better than the cellular genetic algorithm attribute in the rule matching degree.
IV. DATA VISUALIZATION
As the big data platform of Beijing public transport corporation is still under construction, there are some problems affecting data quality in data collection, transmission or storage, for example, some index data values are omitted in the collection, and even some index data cannot be successfully collected. Therefore, through the combination of the key indicators determined by the cellular genetic algorithm and the interviews with relevant personnel of Beijing public transport corporation, the indicators for visual display were finally determined as oil pressure, engine compartment temperature, accelerator pedal stroke value, instantaneous engine speed, coolant temperature and oil temperature.
First, transfer all relevant data to Hadoop, a big data platform for public transportation. Secondly, in order to facilitate the real-time monitoring of the above indicators by the group, branch companies, fleets, routes and train numbers, the CAN-BUS-based analysis model of technical status of bus operation is designed,which uses key index value interface of vehicle status. Its queries and shows the real-time trend of the five key indicators of vehicle condition according to the vehicle number and time period as the filter conditions. The data update frequency is real-time and the usage frequency is daily. Its interface is shown in Figure 8 below. Through the interview of maintenance company, they're more concerned with the same model different lines of the vehicle maintenance cycle and parts replacement cycle discriminating conditions (such as different line of the same model and different models of same line will have different life of brake piece, and the average index provide data basis for brake piece replacement cycle.)The average value of oil pressure, engine room temperature, stroke value of accelerator pedal, instantaneous engine speed, coolant temperature, oil temperature and other important indicators provide a reasonable basis for the vehicle maintenance cycle and component replacement cycle of different lines of the same model, as well as provide a reasonable basis for assessment. Therefore, another CAN-BUS -based analysis model is built, which uses mean analysis of key influencing factors of vehicle status. Due to the data quality problem of engine room temperature, the obtained mean value is meaningless, so the final indicators displayed are oil pressure, stroke value of accelerator pedal, instantaneous engine speed, coolant temperature and oil temperature. The mean value of each index of different lines of the same vehicle type and the mean value of each index of different lines of the same vehicle type are displayed on the same interface. Its purpose is to query the filter conditions of ''bus month'', route and vehicle type, and show the real-time changing trend of the five key indexes of vehicle status. This paper presents the mean variation trend of five key influencing factors of bus condition. Data update frequency is daily and usage frequency is daily. Its interface is shown in Figure 9 below: 
V. CONCLUSION AND PROSPECT
Based on the current situation of frequent faults of urban ground public transport vehicles in Beijing, this paper takes the vehicles of Beijing Public Transport Group as an example, comprehensively considers the vehicle situation, management status and external traffic characteristics, and uses the huge data set of CAN-BUS data, warranty data, rush repair data and traffic scheduling data to carry out the research on key fault information of vehicles. Firstly, the data is processed, including data cleaning, data import and fault point judgment. Secondly, a research model of critical fault information of bus based on CAN-BUS data and rough set is constructed by matching the failure of vehicle -vehicle attribute -with rough set. Thirdly, the traditional attribute reduction algorithm is improved by using genetic algorithm. Aiming at some defects of genetic algorithm, a cellular genetic algorithm with better performance is introduced into attribute reduction. Find out the critical fault information of the bus. Finally, key indicators are presented to facilitate realtime view and analysis, and provide data support for the determination of warranty cycle of different lines of the same vehicle type. The conclusion of this paper overcomes the subjectivity of traditional forecasting methods, improves the objectivity and scientificity of the results, and provides a new idea for finding out the key information of faults.
Rough sets have no limit on the number of attributes of the research problem. Due to the problem of data quality, 10 factors are considered in this paper, which are objective and have good data quality. As the bus group continues to improve the quality of the data it collects on other factors, more influential factors can be considered in order to comprehensively and objectively study the key information parameters of bus fault. It could make the research results more consistent with reality. At the same time, as the amount of data increases, rough sets can extract rules more accurately. Therefore, to avoid one-sided analysis, it is necessary to accumulate more data of failure vehicles, build a large sample engineering database on this basis, and constantly supplement and improve the database to obtain more accurate research results.
